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Aim: We evaluate the challenges of laparoscopic colorectal surgery for diverticular disease.
Methods: Retrospective study of elective laparoscopic colorectal procedures (LCP) performed 2002e2011.
The study compares LCP for Diverticular disease (S group) with both LCP for other pathology (C1 group)
and open procedures for diverticular disease (C2 group). Statistical analysis was performed using Fisher’s
exact test, Student “t” test and Mann Whitney U-test.
Results: The study included 194 LCP out of which 22 were in S group. Conversion rate in S group was
27.3% vs 9.9% in C1 group, p ¼ 0.017. The mean operating time was signiﬁcantly higher in S group
(250 min) compared with 196 min in C1 group, p ¼ 0.0004. The median length of hospital stay was 6
days in S group and 4 days in C group, p ¼ 0.12. Both morbidities and mortality rates were not statistically
different between the two groups. In the second part of the study we compare LCP with OCP performed
for diverticular disease.
Conclusion: LCP for Diverticular disease are technically challenging and should be attempted later in the
learning curve.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
In the western society, 60% of the population acquire divertic-
ular disease by the age of 80, a quarter of which will develop
diverticulitis at one point of their life.1 Although most of the initial
episodes respond to conservative treatment, a third of the patients
will develop recurrent attacks and a third will require an
operation.2
The management of diverticular disease has evolved rapidly
since the introduction of laparoscopy in the early 1990s. The ben-
eﬁts of laparoscopy with regard to morbidity, pain, cosmesis and its
cost-effectiveness have been well documented. The role for lapa-
roscopy in managing diverticular disease continues to develop.3
Most of the studies in the literature compare the results of
laparoscopic vs open colorectal procedures for the management of
diverticular disease. Our aim is to study the laparoscopic manage-
ment of diverticular disease in a district general hospital. To ouran Association of Endoscopic
olo-Proctology ACPGBI, 2012
n in the international surgery
012.
ent, Prince Charles Hospital,
1.
guib).
ciates Ltd. Published by Elsevier Ltknowledge, this is the ﬁrst study to compare the results of LCP for
diverticular disease with other LCP.
2. Methods
This is a retrospective study of consecutive elective laparoscopic colorectal
procedures (LCP) for patients with diverticular disease performed between June
2001 and September 2011.
The ﬁrst part of the study compares LCP for diverticular disease (study group: S)
with LCP for benign and/or malignant pathology (ﬁrst control group: C1). Groups are
compared according to demographic characteristics (age, gender, body mass index
“BMI” and co-morbidities demonstrated by the American Society of Anaesthesiol-
ogists “ASA” status), conversion to open procedure, operative time (stratiﬁed by
procedure type), length of hospital stay, morbidity andmortality. The total operative
time in both groups is compared with similar procedures only, to eliminate the bias
that may arise from longer procedures in the control group e.g. multi-segmental
procedures for multiple lesions or deep pelvic dissection for rectal pathology.
Operative timing was recorded from a computerised theatre system (TOMS theatre
system).
The second part of the study compares LCP for diverticular disease (study group:
S) with open colorectal procedures (OCP) for diverticular disease (second control
group: C2) during the same period. Groups are compared according to demographic
characteristics, complexity of the diverticular disease (simple or complicated
diverticular disease as reported in the postoperative specimen pathology), operative
time (comparing only similar procedures), length of hospital stay, morbidity and
mortality.
This study is a single surgeon experience including all laparoscopic and open
colorectal procedures. Data is collected prospectively. Exclusion criteria include all
emergency and stoma-only procedures. Patients with incidental ﬁnding ofd. All rights reserved.
Table 1
Demographic characteristics of patients who underwent LCP.
S C1 p Value
Mean age 64.9 (48e84)
Median ¼ 65
69 (17e93)
Median ¼ 70
0.074
Gender (male: female) 12:10 82:90 0.54
Mean BMI 26.4 (17e29)
Median ¼ 27
26.5 (16e40)
Median ¼ 26
0.93
Co-morbidities (ASA  3) 4:18 64:108 0.098
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among the C1 group. LCP and OCP for diverticular disease include the procedures
aimed for treatment of diverticular disease only. Converted laparoscopic procedures
are analysed on intension-to-treat basis.
Statistical analysis is performed using Chi-square test and Fisher’s exact test for
non-parametric data. Student “t” test and MannWhitney U test are used for analysis
of parametric data. p Value 0.05 is considered statistically signiﬁcant.
3. Results
The study involves 414 colorectal procedures; 194 (46.9%) LCP
& 220 (53.1%) OCP. Fig. 1 shows the total number of LCP and OCP
undertaken during the period of study. Within the 194 LCP, 22
(11.3%) were for treatment of diverticular disease; 19 were left-
side resections, 2 were right-side resection and one total
colectomy.
The ﬁrst part of the study compares laparoscopic procedures for
diverticular disease (S group) with other LCP (C1 group). Both
groups were comparable in their demographic characteristics (age,
gender, BMI & co-morbidities) as shown in Table 1.
The overall conversion rate in the LCP is 23/194 (11.9%). Con-
version rate is signiﬁcantly higher in S group. There are 6/22 con-
versions in S group (27.3%) vs 17/172 in C1 group (9.9%), p ¼ 0.017
(C.I. 1.1804e9.9039).
The mean total operating time in all LCP is 226.5 min (Range:
60e544). The mean operating time is stratiﬁed for procedure type
for groups S and C1 (n ¼ 22 and 103, respectively) i.e. 69 LCP are
excluded as they have no corresponding procedure in S group e.g.
LCP for rectal pathology or LCP involving an additional procedure
(gynaecological procedure, pouch, etc.). Mean operating time is
signiﬁcantly higher in S group (250 min) (SD ¼ 57.7), compared
with 196 min (SD ¼ 58.6) in C1 group, p ¼ 0.0004.
Themedian length of hospital stay in all LCP is 4 days (Range: 1e
52, Mean: 6.8). This is not statistically different between patients in
S group (6 days [Range: 2e52, Mean: 8.9]) and those in C1 group (4
days [Range: 1e44, Mean: 6.5]), p ¼ 0.12.
The overall surgical morbidity is signiﬁcantly higher in S group
(12/22 [55%]) than in C1 group (43/172 [25%]), p ¼ 0.0099. The
incidence of enterotomy in S group (2/22 [9.1%]) is signiﬁcantly
higher than in C1 group 1/172 (0.6%), p ¼ 0.034. There is one inci-
dent of right ureteric injury and another of superﬁcial urinary
bladder injury in S group, but not in C1 group (p ¼ 0.113). Intra-
operative bleeding from an inﬂamed friable mesentery occurred
in 1/22 in the S group, whereas no signiﬁcant bleeding occurred in
C1 group, p ¼ 0.113. No anastomotic leak occurred in S group while
2/154 (1.3%) (Excluding No-anastomosis procedures) developed
post-operative leak in the C1 group, p ¼ 1. Other surgical morbid-
ities were comparable. Mortality rate is not statistically different
between the two groups, being 0/22 and 4/172 in S and C1,
respectively, p ¼ 0.38.Fig. 1. The workload of LCP and OCP across the period of the study.In S group, 12 patients have complicated diverticular disease
(associated with abscess, perforation, peritonitis, stricture or ﬁs-
tula) and 10 patients have uncomplicated pathology (diverticular
disease only  chronic inﬂammation). There is no statistical dif-
ference between the sub-groups in conversion rates, mean opera-
tive time, post-operative hospital stay, wound infection or
morbidity, Table 2.
In the second part of the studywe compare LCP (S group, n¼ 22/
194; 11.3%) with OCP (C2 group, n ¼ 32/220; 14.5%) performed for
diverticular disease. The S group comprises 19 left side resections
(including 3 Hartmann reversals), 2 right side resections and 1 total
colectomy while the C2 group comprises 22 left side resections, 3
Hartmann procedures, 6 Hartmann reversals and 1 total colectomy.
Both groups are homogenous in the demographic characteristics.
Male: female ¼ 12:10 vs 14:18, p¼ 0.4. Mean age is 64.9 (48e84) vs
66.6 (33e81), p¼ 0.5. ASA 3 in 4/22 vs 14/32 patients, p¼ 0.08 for
groups S and C2 respectively.
The mean operative time is signiﬁcantly higher in S group; 250
(169e391) minutes compared with that in C2 group; 155.8 (100e
285) minutes, p < 0.0001.
The median length of hospital stay in S group is signiﬁcantly
lower than in C2 group; 6 (2e52, mean ¼ 6.75) days Vs 11 (5e86,
mean ¼ 17.9) days respectively, p ¼ 0.0002.
Wound infection is comparable in either group being 4/22
(18.2%) in S group and 12/32 (37.5%) in C2 group, p¼ 0.15. Similarly,
other surgical morbidity rates are not signiﬁcantly different in
either group. There is one mortality in C2 group only, p ¼ 1.
Post-operative histo-pathology results show that both groups
are also homogenous in the complexity of the diverticular disease.
10/22 (45.5%) patients in S group and 7/32 (21.9%) patients in C2
have non complicated diverticular disease. 12/22 patients in S and
25/32 patients in C2 had complicated diverticular disease (histo-
pathology reporting diverticular disease with abscess, perforation,
peritonitis, stricture and/or ﬁstula), p ¼ 0.07.
4. Discussion
The introduction of laparoscopic colectomy in the 1990s pro-
vided a new tool for the management of diverticular disease. After
the initial learning curve, many studies were undertaken to eval-
uate the safety, efﬁcacy, and potential beneﬁts of laparoscopy over
the traditional open approach.3 In 2000, the NICE guidelines sug-
gested that laparoscopic colorectal surgery should be offered for
treatment of colo-rectal cancer only as a part of clinical trial.4Table 2
LCP for complicated and uncomplicated diverticular disease.
LCP Complicated Uncomplicated p Value
Conversion rate 4/12 (33%) 2/10 (20%) 0.65
Mean operative time 260.6 min 243.6 min 0.48
Median hospital stay 8 days 6.5 days 0.62
Surgical Morbidities 3/12 (25%) 2/10 (20%) 1
Wound infections 2/12 (16.7%) 2/10 (20%) 1
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safety and effectiveness of the laparoscopic approach for both
benign and malignant colorectal pathology,5e7 the NICE guidelines
in 2006, suggested laparoscopic colorectal surgery as an alternative
for colo-rectal cancer, provided that the surgeon has been trained in
laparoscopic surgery for colorectal cancer and performs the oper-
ation often enough to keep his or her skills up to date.8 In 2007,
Leong et al. recommended prioritising benign cases in the initial
experience. This was based on The American Society of Colon and
Rectal Surgeons recommendation that oncological resection with
curative intent should not be performed until reasonable conﬁ-
dence is gained through experience on patients with either benign
disease or metastatic malignancy.9 We conducted this study based
on our observation that LCP for diverticular disease can be tech-
nically more challenging than other LCP.
Laparoscopic resection for inﬂammatory colon pathology is
technically more demanding due to the inﬂammatory reaction and
distortion of the normal surgical planes. Complication rates can be
high and so, too, the rate of consequent conversions.10 The conse-
quences of this inﬂammation such as thick mesentery, ﬁbrosis and
ﬁstulas can lead to time consuming operations, high conversion
rates and post-operative complications.11
In a survey including 35 worldwide experienced laparoscopic
colorectal surgeons, sigmoid colectomy appears to be the simplest
procedure to perform. The Hartmannprocedure is associatedwith a
higher overall difﬁculty rating (3.0) than sigmoid colectomy (2.0),
despite the fact that no anastomosis is performed, mostly due to the
acute inﬂammatory process often present in complicated divertic-
ular disease. The Hartmann reversal was felt to be the most difﬁcult
procedure, with an overall score of 4.5.12 The difﬁculty of the
Hartmann reversal is also supported in other trials.13,14 Our study
includes 3 Hartmann reversals in group S.
Various techniques were developed to improve the outcome of
this widely prevalent disease. A meta-analysis published in 2008
reported comparable results between hand-assisted laparoscopic
surgery (HALS) and laparoscopic-assisted (LAC) techniques.15 Data
comparing total intra-corporeal and laparoscopic-assisted tech-
niques is conﬂicting.16,17 In our series; following intra-corporeal
pedicle division and specimen delivery, the bowel anastomosis is
performed intra-corporally with the exception of right-side
colectomy.
In sigmoid diverticular disease, Eijsbouts et al., advised excision
of the sigmoid colon and anastomosis in the proximal rectum as a
high anterior resection in order to avoid an anastomosis with the
distal sigmoid where intra-luminal high pressure can induce the
recurrence of diverticulitis.11 We adopt this technique; we perform
high anterior resection for all cases with sigmoid diverticular dis-
ease. Titu et al. suggested individually-approached dissections in a
pragmatic manner using both medial and lateral approaches as
dictated by ﬁbrosis, abscess, site of ﬁstulisation and degree of
obstruction/peritonitis.18 We ﬁnd this pragmatic approach helpful
in the management of diverticular disease in our series.
The timing of surgery has been the subject of controversy.19 The
traditional practice entails waiting 4e6 weeks after a diverticulitis
attack before an elective operation to lower morbidity and con-
version rates.20 Other studies indicated that the preferred timing of
elective surgery should be after the third21 or fourth22 attack of
uncomplicated diverticulitis. Alternatively, some studies advised
early intervention for complicated diverticular disease to avoid
prolonged and recurrent hospitalization.19,23 Natarajan et al.
showed no direct relationship between surgical timing after acute
diverticulitis and complications or conversion rates after elective
laparoscopic sigmoid colectomy.24
Surgical indications for elective procedures in diverticular dis-
ease used to be (1) two attacks of diverticulitis or a single attack inpatients younger than 50 years; (2) diverticulitis associated with
ﬁstulas in which the existence of a carcinoma has to be excluded;
(3) elective resection after a previously drained peri-colic abscess;
and (4) one attack in a patient requiring chronic immunosuppres-
sive therapy.25 Recent data suggests a rather more individualised
approach, taking into account frequency, severity of the attacks and
their impact on quality of life, as a guide to the indication for sur-
gery in uncomplicated diverticular disease.19 The indications for
surgery in our study are (1) Symptomatic diverticular disease in the
presence of a mass/stricture; (2) Colo-vesical/vaginal ﬁstula; (3)
Radiological suspicion of malignancy with failed endoscopy; (4)
Reversal of Hartmann.
In LCP for uncomplicated diverticular disease, reported con-
version rate was 2e19.7%11,26 while in complicated diverticular
disease; it was 8e61%.27,28 In a multi-centre study which recruited
1118 patients, the overall conversion rate for laparoscopic sigmoi-
dectomy was 7.2% (4.8% for uncomplicated and 18.2% for compli-
cated cases).29 Single-institutional series included 500 patients
operated upon by experienced surgeons have reported conversion
rates of as low as 2.8% (2.1% for uncomplicated and 5.3% for
complicated diverticulitis).30 The overall conversion rate in our
study, including the learning curve, is 11.9%. It is signiﬁcantly higher
in S group (27.3%) than in C1 group (9.9%), p ¼ 0.017.
Conversion to open operation is usually associated with longer
operative time, longer hospital stay and increased post-operative
complications.28,31,32 It is generally accepted that when necessary,
an early conversion can minimize major complications.33
The reported operative time varies depending on the experience
of the surgeon, the learning curve and the complexity of the dis-
ease. Jones et al. reported a median operating time of 120 min31
whereas the mean operating time was 195 min in another
study.11 In this study, the overall mean total operating time is
226.5 min. It is signiﬁcantly higher in S group (250 min) compared
with C1 group (196 min), p ¼ 0.0004.
The median postoperative hospital stay reported by Jones et al.
is 4 days (2e33).30 Themedian postoperative hospital stay in all LCP
in this study is 4 days. This is not statistically signiﬁcant between
both S group (6 days) & C1 group (4 days), p ¼ 0.12. This insigni-
ﬁcance reﬂects the beneﬁts of laparoscopic colorectal surgery in
both groups.
Several studies claim that LCP for diverticular disease is asso-
ciated with less postoperative complications. These include short-
term complications related to wound infection and ileus, as well
as long-term complications, e.g. hernia and adhesive small bowel
obstruction.32e34 Köckerling et al., in 1999 reported morbidity rates
of 14e31.8% depending on the complexity of the diverticular dis-
ease with mortality rate of 1.1%.29 Jones et al. reported major
morbidity andmortality rates of 11% and 0.2%, respectively.30 In the
SIGMA trial, the overall morbidity was 42.3% (36.5% minor com-
plications and 9.6% major complications).32 In our study group, the
overall morbidity is 12/22 (55%) which is higher than in C1 group
(43/172 [25%]), p ¼ 0.0099. Major surgical complications which
altered or required further surgical management are comparable in
the two groups, being 2/22 and 9/172 respectively, p ¼ 0.36. Le
Moine et al. mentioned that the mesentery can be friable and
vascular with obliteration of the normal retroperitoneal planes and
ﬁstulisation that could be more than expected.31 We have no
mortality in S group. Mortality rate in C1 group is 2.3% (4/172),
p ¼ 0.38.
Uncomplicated diverticulitis is deﬁned as the presence of peri-
diverticulitis or a limited inﬂammatory process. Complicated
diverticulitis entails the presence of obstruction, a free perforation
in the abdominal cavity, the presence of a peri-colic abscess or the
development of a ﬁstula.25 The intraoperative course of compli-
cated diverticular patients undergoing laparoscopic resection
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complicated diverticulitis are surprisingly few, with only small
patient populations29,36 however several reports have demon-
strated no increase in the operative time, conversion rate, length of
stay or postoperative complications among these patients.
The SIGMA Trial compared short term and long term outcomes
of LCP and OCP.32,34 The short term results showed signiﬁcantly
(15.4%) decreased major postoperative complication rates in LCP
compared with OCP. There was no signiﬁcant difference in minor
complications. Laparoscopic surgery resulted in longer operative
time, signiﬁcant reduction of pain, decreased hospital stay and
improved quality of life.32 In the 30-day to 6-month follow-up
period the clinical outcomes were comparable in both groups.
The total postoperative morbidity showed a 27% reduction in major
morbidity for patients undergoing LCP for diverticular disease.34
Operative time tends to be longer in LCP for diverticular disease
when comparedwith open surgery. Despite the increased operative
time, the overall cost for LCP is lower than that of OCP, likely due to
the shorter length of stay.33 The results in this study are comparable
with those in the literature. We demonstrated a signiﬁcantly higher
mean operative time (mean difference of 99.2 min, including the
learning curve, p < 0.0001) and lower post-operative hospital stay
(Median ¼ 6 vs 11, p ¼ 0.0002) in favour of the LCP. Morbidity and
mortality rates were not signiﬁcantly different in S and C2 groups.
This study is a single surgeon experience which eliminates in-
dividual variation in the learning curve. The limitation in the study
is the small number of procedures performed for diverticular dis-
ease (Type II error) which is due to the selective criteria in the in-
dications of surgery for diverticular disease.
5. Conclusion
Laparoscopic colorectal surgery for diverticular disease is safe
and effective. It can be challenging and requires advanced laparo-
scopic skills. We recommend a pragmatic approach in laparoscopic
colorectal surgery for diverticular disease early in the learning
curve.
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